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© Semiconductor device with a heat dissipating substrate. 

© In a semiconductor device comprising a semiconductor 
element or elements supported on a heat spreading subs- 
trate, the heat spreading substrate being a Cu-cerbon fiber 
composite material having at least 30 cross points/in 2 (4.6 
cross points/cm 2 ). 
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SEMICONDUCTOR DEVICE 
Background of the Invention 

This invention relates to a semiconductor device such 
as power transistors, power modules, integrated circuit 
devices, and more particularly to a semiconductor device 
which includes a heat spreading, electro-conductive sub- 
strate composed of a copper-carbon fiber composite material 
for carrying a semiconductor chip or pellet. 

Semiconductor devices are generally constructed by a 
semiconductor chip or pellet having at least one p-n- 
junction therein bonded on a heat spreading substrate. In 
power modules or integrated circuit devices there are 
provided one or more semiconductor chips or pellets on the 
heat spreading substrate bonded on the insulating substrate, 
one or more heat spreading substrates being supported on a 
heat radiating substrate. In order to avoid the breakage 
of semiconductor pellets which are brittle, it is necessary 
that the heat spreading substrate should have a thermal 

expansion coefficient close to that of semiconductor material. 

^ A Cu-carbon fiber composite material formed by embedding 

carbon fibers in Cu matrix is excellent in heat conductivity 
and a small thermal expansion coefficient close to that of 

_J silicon. Therefore, the Cu-carbon fiber composite material 

can be substituted for molybdenum or tungsten electrode. 

An integrated circuit device having the heat radiating 
substrate consisting of the Cu-carbon fiber composite material 
of disclosed in Japanese Patent Laid-Open No. 50646/1980 
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entitled "Integrated Circuit Device" , laid open for 
public inspection on April 12, 1980. (U.S. Serial No. 
082,024, filed October 5, 1979, INTEGRATED CIRCUIT DEVICE). 

Summary of the Invention 

One object of the present invention is to provide a 
semiconductor device having an improved heat conductive 
substrate or electrode of copper-carbon fiber composite 
material. 

Another object of the present invention is to provide 
a semiconductor device having a heat spreading substrate 
or electrode which is capable of protecting a semiconductor 
chip or pellet from mechanical damage. 

The present invention is featured by a semiconductor 

device comprising a semiconductor element or elements 

disposed on a heat spreading substrate or electrode wherein 

the heat spreading substrate is made of a Cu-carbon fiber 

composite material, carbon fibers are arranged in parallel 

with end faces of the substrate and in a cross array to 

2 

form cross points of at least 30 cross points/in (4-6 
cross points/cm 2 ) , each of lines forming said cross points 
being constituted by a group of 5O0 to 6000 fine, flexible 
carbon fibers. 

The Cu-carbon fiber composite material has areas defined 
by at least 4 cross points, each of said areas being smaller 
than the area of said semiconductor. 

The Cu-carbori fiber composite material has a carbon 
fiber content of 10 to 70% by volume. The thickness of the 
substrate may vary over a wide range; however, when the 
substrate is used as a heat spreading substrate for modules 
or integrated circuit devices, its thickness may be selected 
within the range of 0.05 to 10 mm. On the other hand, .when 
the substrate is used as an electrode for discrete semi- 
conductor devices. such as power transistors, diodes, etc., 
its thickness may be selected within the range of 5 to 50 mm. 

The Cu-carbon fiber composite material is packed in 
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its cross gap portions defined by lines of groups of 
carbon fibers a metal having a higher heat conductivity 
than that of copper. 

The semiconductor of the present invention preferably 
employs carbon fibers for the Cu-carbon fiber composite 
material having a diameter of about 10 ym or less. 

In the semiconductor device of the present invention 
carbon fibers of the Cu-carbon fiber composite material 
may have a weaving structure of plain fabrics, satin, or 
any other weaving structures. 

In one embodiment of the semiconductor device of the 
present invention the heat spreading substrate is fixed 
on an insulating material. 

In another embodiment of the semiconductor device of 
the present invention the. insulating material is fixed 
on a heat radiating , substrate of the Cu-carbon fiber 
composite material. 

Brief description of the drawings 

Figure 1 is a sectional view, of an integrated circuit 
20 device in accordance with an embodiment of the present 
invention; 

Figure 2 is a diagram showing the relationship 
between the thermal expansion coefficient and the carbon 
fiber content in a Cu-carbori fiber composite material; 

25 Figure 3 is a diagram showing the relationship between 

the thermal expansion coefficient and the fiber array of 
a Cu-C fiber composite material having a carbon fiber 
content of 54 vol.%, the thermal expansion coefficient 
being measured at 25 to 250°C; 

30 Figure 4 is an enlarged section view of a crossing 

point of the Cu-carbon fiber net in the cross array (weaved 
in plain fabrics) in a heat spreading substrate in accor- 
dance with the present invention? 

Figure 5 is a plane view of the Cu-carbon fiber net 

35 in the cross array in a heat spreading substrate in accor- 
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dance with the present invention; 

Figure 6 is a plane view of the Cu-carbon fiber net 
in the cross array in accordance with another embodiment 
of the present invention; 

Figure 7 is a diagram showing the relationship 
between the thermal expansion coefficient and the number 
of cross points in the Cu-carbon fiber net of the heat 
spreading substrate or wiring film in accordance with the 
present invention; and 

Figure 8 is a diagram showing the relationship between 
the thermal expansion coefficient in the longitudinal or 
transverse direction, as viewed from the front, and the 
size of a square of heat spreading substrate having^iring 
films made from Cu-C nets having 20 cross points/in 
(3.1 cross points/cm 2 ) and 30 cross points/in (4.6 cross 
points/cm 2 ) hot-pressed and cut into small pieces. 

Description of the preferred embodiment 

Referring to Figure 1, in the integrated circuit device 
in accordance with the present invention, an insulating 
substrate 4 of alumina is disposed on a heat radiating 
substrate 3 and heat spreading substrate having wiring 
films 5a, 5b are disposed on the aluminum insulating 
substrate 4. Circuit elements for forming a predetermined 
circuit network are electrically connected to copper films 
or solder" films formed on the heat spreading substrate of 
Cu-carbon fiber composite material. The circuit elements 
include semiconductor elements 7 on a Cr-Ni-Ag alloy layer 
6 and lead wires 8. Heat generated in the semiconductor 
elements is easily spreaded-to protect the element from 

thermal damage - 

The heat radiating substrate 3 and substrates having 
the wiring films 5a, 5b (hereinafter referred to as the 
"heat spreading substrate") can be constructed by a Cu 
carbon fiber composite material. 

The inventors of the present invention have succeeded 
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in accomplishing the objects of the present invention 
by suitably selecting the array or arrangement in the 
Cu-carbon fiber composite material for making the thermal 
expansion coefficient of the composite material close 
to that of the semiconductor material. 

The carbon fibers used in the present invention are 
previously coated with copper. 

In the bidirectional array, the Cu-carbon fibers are 
knitted so as to cross one another both longitudinally 
and transversely. In this array, the tension applied to 
each fiber material appears as a restrictive force that 
occurs at the cross point of each fiber. However, this 
restrictive force is not sufficient to prevent the Cu 
coating from extending due to the difference between the 
thermal expansion of Cu and carbon fiber. Consequently, 
when the bidirectional array Cu-carbon fiber composite 
material is caused to effect sintering of the copper 
coated carbon fibers stick and adhere to each other to 
produce a dense, integral Cu-carbon fiber composite material 
at a temperature lower than the melting point of copper. 

After being hot -worked, the Cu-carbon fiber compo- 
site material is cut in a suitable size and shape, e.g. 
a square 5 to 10 mm on a side, for bonding to the insu- 
lating substrate, for example. However, the thermal expansion, 
coefficient of the Cu-carbon fiber composite material changes 
during this cutting work because the thermal expansion 
coefficient of Cu is no longer restricted by the above- 
mentioned tension between the carbon fibers after they are 
cut, if there is no cross point of carbon fibers in the 
small square. 

When a pellet of semiconductor material is bonded on 
the heat spreading substrate or electrode of the Cu-carbon 
fiber composite material, the area of the semiconductor 
should preferably be larger than the area defined by 4 
cross points constituted by carbon fibers. 

As seen in Figure 2, the thermal expansion coefficient 
of the Cu-carbon fiber composite material as the heat 
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spreading substrate can be adjusted by adjusting its 
carbon fiber content. In other words, if a Cu-carbon 
fiber composite material having a suitable carbon fiber 
content is selected, its thermal expansion coefficient 
can be adjusted to those of the semiconductor element 
and an insulating substrate. Experiments carried out by 
the inventors of the present invention have revealed that 
no practical problems occur if the carbon fiber content 
is from 10 to 70% by volume. 

It can be understood from Figure 3 that a heat 
spreading substrate having a low thermal expansion coeffi- 
cient can be obtained by suitably selecting the fiber array 
of the Cu-carbon fiber composite material. In Figure 3, 
the phrase "two directions" means that carbon fibers are 
not woven but simply stacked or imposed in two directions. 

Though various fiber arrays may be possible for the 
Cu-carbon fiber composite material as described already, 
(a cloth form such as a plain weave) is suitable for the 
heat spreading substrate from the aspects of productivity. 
It is possible to constitute the cross points by arranging 
one or more layers of carbon fibers oriented in one direc- 
tion with one or more layers of carbon fibers oriented in 
another direction (e.g. 90°). 

When the Cu-carbon fiber composite material is 
arranged in the cross array, is sintered by a hot-pressing 
and is then cut to produce the heat spreading substrate 
for integrated circuit devices, the thermal expansion 
coefficient of the resulting heat spreading substrate becomes 
constant if it is at least a certain minimum size. This is 
determined by the number of cross points of the heat 
spreading substrate as will become apparent from a later 
description in conjunction with Figure 7. 

The crystal structure of the C fiber is a hexagonal 
system with the carbon axis in the radia direction. The 
thermal expansion coefficient in the radial direction ^ 
of the carbon fiber becomes as great as 17-18 x 10 / C. 
To obtain the thermal expansion coefficient in the two 
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directions of the Cu-C fiber composite, the present 
invention makes use of a small thermal expansion coefficient 
such as -2 x 10 «/O c of the carbQn fibgr ^ ^ 

5 ' * toT ^ reCti ° n »* 3djusts th * «rbon fiber content to 
5 10 to 70 vol.% in order to offset the elongation of the 
copper coating in the longitudinal direction due to the 
temperature increase by means of the restriction force 
of the carbon fiber in its longitudinal direction. The 
restriction force is multiplied by forming at least 4 

orT P ° intS " ^ ^^ ^strate on which one 

or more semiconductor chips are bonded. 

As diagrammatically shown in Figure 4 through 6, each 
of fiber bundles .11, 12 consists of 500 to 6000, p re f e - 
rably looo to 3O00 carbon fibers. 9 having a diameter of 

15 about 10 y m or less with a Cu plating ,0 of O.S to 3 pm 
applied to it. Tension of 0.5 to 5N is applied to each 
fiber bundle 11, 12 during weaving . a Cu _ Carbon netw 
whereby the thermal expansion of the carbon fiber in the 
parallel with the carbon fibers oriented direction is 

20 restricted. The term "cross point" herein denotes the 

points of intersection between the fiber bundles, it is 

carbons ^ ^ °" ^ ° f fle *^ 

carbon fibers, may simply be stacked in a manner to form 

the above mentioned network. 

25 The difference between Figures 5 and 6 is that a 

metal having a high heat conductivity such as Cu powder 
or Ag powder is packed into gap portions 13 in Figure 6 
to increase heat conductivity of the substrate whereas the ' 
metal powder is not packed in Figure 5. 

30 m the Cu-C net composite shown in Figure 6, the metal 

powder is first prepared in a slury form and is then coated 
on the Cu-C net, and a force of 100 to 500 bar is applied 
ln ° rdSr t0 efficiently pack the metal powder into the 
gaps in the net. The Cu-C net produced in this manner is 

55 sub 3 ected to a reducing treatment in a hydrogen atmosphere 
The Cu-c nets shown in Figures 5 and 6 are heated to 
effect sintering at a temperature below the melting point 
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of copper, such as 900 to 1,050°C in a hydrogen atmos- 
phere under a pressure of 200 to 300 bar. 

Example 

A Cu-carbon fiber net composite shown in Figure 5 
was produced by plain weave having the same number of 
cross points using Cu-carbon fibers consisting of carbon 
fibers of 7 ym, each being plated with copper so that the 
total, copper volume was up to 70 vol.% based on the whole 
volume of the copper plated carbon fibers. The Cu-carbon 
fiber net composite was subjected to reducing treatment 
at 400 0 C for 30 minutes in hydrogen in order to remove 
oxides. After the reducing treatment, the Cu-carbon fiber 
net composite was sintered at 1O0O°C for 30 minutes under 
a pressure of 250 bar to produce a Cu-carbon fiber composite 
substrate. 

Thus, Cu-carbon fiber substrates having 9, 16, 25, 36 
and 81 cross points/in 2 (1.4, 2.5, 3.9, 5.6, 12.5 cross 
points/cm 2 ) were produced. The thermal expansion coefficient 
of each sample was measured and the results are shown in 
Figure 7. 

As is obvious from Figure 7, the thermal expansion 
coefficient increases with a decreasing number of cross 
points and no change occurs in the thermal expansion^ 
coefficient in the samples having 30 cross points/in 
(4.6 cross points/cm 2 ) or more. 

Cu-carbon fiber substrates (50mm x 50mm) having the 
same specifications as that of the element shown in ' 
Figure 7 and produced so as to contain 20 cross points/ in 
(3.1 cross points/cm 2 ) and 30 cross points/in (4.6 cross 
points/cm 2 ) , respectively, were cut into squares with 
sides of 3, 5, 7, 10 and 13 mm, and the thermal expansion 
coefficient of each sample was measured with the result 
shown in Figure 8. As the measuring condition, each sample 
was cut, then annealed to remove strain (400°C for 0.5 hr) 
and was subjected tp the measurement between 25 C and 250 C 
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It can be seen from Figure 8 that in the samples 
having 20 cross points/in 2 (3.1 cross points/cm 2 ), the 
thermal expansion coefficient increases with decreasing 
size and the variance also becomes great. 

In the samples having 30 cross points/in 2 (4.6 cross 
points/cm >, oh the other hand, the thermal expansion 
coefficient remains unchanged even if the cut size is 
changed and hence, stable Cu-carbon fibers substrates 
can be obtained. 

When the samples whose thermal expansion coefficient 
did not change were cut into arbitrary shapes and their 
thermal expansion coefficients were measured, no change 
could be observed in the thermal expansion coefficient 
Dnder the same condition as in the above-mentioned 
15 example, substrates were produced from Cu-carbon fibers 
having the carbon fiber contents of 54, 45 and 35 vol.% 
Respectively and in some cases Cu powder was packed into 
the gap portions defined by 4 cross DO i n f C 

•h, m< qT m1 . , y cross points of carbon fiber 

bundles The heat conductivity and thermal expansion coeffi- 

ZTl ^ ° f SUbStratSS *"» Pr ° dUCed — -asured 

and the results are shown in the table below. 

C Vol -^° Cu Ponder not packed Cu powder packed 
( F *g- 5) • (Fig. 6) 

W /cm°C x1Q- 6 /°C w /cm°C x/lQ- p /°C 

54 1.5 5 

45 ^ 2 7 

25 35 2.5 9 



30 



i 



2 7 
2.5 9 

3 10 



When the surface of the Cu-carbon fiber substrates 
was observed, it was found that expansion of the carbon 
fiber was less in those in which Cu powder was packed into 
the gap portions. With reference to the above-mentioned 
embodiment, the substrates having the Cu powder packed 
into the gap portions of the Cu-carbon fiber net composite 
had improved heat conductivity. For, Cu heat pipes 
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penetrating through the Cu-carbbn fiber net composite was 
formed in the section of the net, thereby improving the 
heat conductivity. When the heat spreading substrate was 
.\ made of Mo, the heat conductivity was 1.5w/cm °C and 
5 the thermal expansion coefficient was 5.1 x 10 / C. 

The present invention can also be applied to a heat 
radiating substrate 3 such as shown in Figure 2. 
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What is claimed is: 

" 1. A semiconductor device comprising a single or a 
Plurality of semiconductor elements (7) disposed on a 
heat spreading ( 3 , 5a, 5b) substrate made of a Cu-carbon 
fiber composite material, characterized i 
that carbon fibers are arranged in parallel with the 
end faces of the substrate and in a cross array to form 
at least 30 cross points/in 2 (4.6 cross points/cm 2 ), each 
of lines forming said cross points being constituted by 
a group of 500 to 6000 of fine, flexible carbon fibers. 

2. The semiconductor device as defined in claim 1 , 

characterized i n + h „ + 

1 n that said Cu- 

carbon fiber composite material has areas defined by at 
least 4 cross points, each of said areas being smaller 
than the area of said semiconductor. 

3. The semiconductor device as defined in claim 1, 

c h a r a-c t e r i 2 e d ' * n t h a t ^ Cu _ carbQn 

fiber composite material has a carbon fiber content of 10 
to 70% by volume. 

4. The semiconductor device as defined in claim 1, 
characterized i n that a metal 
having a higher heat conductivity than that of copper is 
packed in cross gap portions (13) between said Cu-carbon 
fibers (11, 12) of said Cu-carbon fiber composite material. 
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5. The semiconductor device as defined in claim 1 , 
characterized in that said carbon 
fibers of said Cu-carbon fiber composite material has a 
diameter of 7 pm. 

6. The semiconductor device as defined in claim 1 , 
characterized i.n that carbon 
fibers of said Cu-carbon fiber composite material has 
a weaving structure of plain fabrics* 

7. The semiconductor device as defined in claim 1, 
characterized in that said 
heat spreading substrate (3 r 5a f 5b) is fixed on an 
insulating material (4) - 

8. The semiconductor device as defined in claim 7 , 
characterized in that said 
insulating material (4) is fixed on a heat radiating 
substrate (3) of the Cu-carbon fiber composite material • 
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FIG. 3 
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© Semiconductor device with a heat dissipating substrate. 

© In a semiconductor device comprising a semiconductor 
element or elements supported on a heat spreading subs- 
trate, the heat spreading substrate being a Cu-carbon fiber 
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